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Role of suiphasalazine in the aetiology of folate
deficiency in ulcerative colitis
CHRISTINE M SWINSON, JANET PERRY, M LUMB, AND A J LEVI

From the Departments of Gastroenterology and Haematology, Northwick Park Hospital and
Clinical Research Centre, Harrow, Middlesex

SUMMARY Only two (2.5 %) of 80 outpatients with histologically proven ulcerative colitis had folate
deficiency associated with anaemia or macrocytosis. Mean folate absorption, measured using
3jg/kg body weight of a tritium-labelled physiological folate derivative, 5-methyltetrahydro-
teroylglutamic acid, in six newly diagnosed patients was 76.7% (normal > 95 %) but fell to 69.4 %
after three months' treatment with sulphasalazine. Mean difference in individual patients was
7.5 %±5.2% (SD) (p<0.02). Mean folate absorption in four patients with megaloblastic anaemia
or macrocytosis which developed during treatment with sulphasalazine was 66.3 %. This rose to
82.4% after the drug was stopped. Mean difference in individual patients was 16.6±6.6% (SD)
(p < 0.001). All patients who developed anaemia or macrocytosis with sulphasalazine had additional
reasons for folate deficiency. These included coeliac disease, severe nutritional deficiencies, and
haemolysis. It was concluded that sulphasalazine impairs folate absorption but this only becomes
significant if other reasons for folate deficiency are also present.

Megaloblastic anaemia due to folate deficiency
is not an accepted complication of sulphasala-
zine treatment, although there are a few case
reports of the association.'-4 Two patients who
developed macrocytic megaloblastic anaemia
due to folate deficiency during treatment with
suIphasalazine prompted this study. A group of
patients with ulcerative colitis was investigated
to assess the incidence and cause of folate defi-
ciency and the role of sulphasalazine in
aetiology.

Methods

PATIENTS
Eighty-three outpatients with histologically pro-
ven ulcerative colitis who attended consecutive
gastrointestinal outpatient clinics at Northwick
Park Hospital had samples taken for a full blood
count, reticulocyte count, haptoglobins, B12,
folate, red cell folate, and biochemical screen
including iron and iron binding capacity. Three
patients were receiving folic acid supplements and
their results were subsequently excluded. Sixty
(75%) of the remaining 80 patients were being
treated with sulphasalazine in doses of 2-4g/day.
Six of the remaining 20 (25%) patients were newly
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diagnosed.
Two patients who were recognised before the

study started and two patients identified by the
study, all with megaloblastic anaemia or macro-
cytos,is due to folate deficiency which developed
during treatment with sulphasalazine, underwent
detailed studies as inpatients on a metabolic
ward to assess the causes of their folate defi-
ciency. These studies included two measurements
of folate absorption, one initially while the
patient was being treated with sulphasalazine
and one at least two months after treatment
was stopped; jejunal biopsy at the time of each
folate absorption study; and dietary assessment
at the time of the first absorption study.

Folate absorption was also measured in six
newly diagnosed patients, and repeated after
three months' treatment with sulphasalazine. In
one patient it was also measured with the first
dose of sulphasalazine. All patients underwent
jejunal biopsies to exclude coeliac disease.
Haematological and biochemical parameters

were measured routinely in the hospital labora-
tories. Red cell indices were corrected for trapped
plasma. Serum B12, folate, and red cell folate
were assayed microbiologically.

Folate absorption was measured directly.
Faecal excretion of a tritium-labelled physio-
logical folate derivative, 5-methyltetrahydrop-
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teroylglutamic acid, given orally in a physio-
logical dose of 3jgg/kg, was measured using
the method described by Steytler.5 Previous un-
published studies at this hospital on volunteers,
all without bowel disease, had shown that in this
dose more than 95% of this folate derivative is
absorbed. When folate absorption was measured
in patients receiving sulphasalazine, a 1 g dose
was given with the tritiated folate derivative.

Jejunal biopsies were taken using a Crosby
Capsule small bowel biopsy capsule screened
beyond the duodenal-jejunal flexure. The speci-
mens were assessed routinely in the hospital
pathology laboratory. Assessment included sub-
jective opinion and objective measurement of
intraepithelial lymphocyte counts and morpho-
metry.

Dietary folate was assessed by qualified dieti-
cians using the tables published by Hurdle et al.6}

Standard statistical techniques (multiple regres-
sion analysis, x2 with Yates' correction for small
numbers, the paired t test, analysis of variance
and linear contrast between means7) were used
with the help of members of the Division of Com-
puting and Statistics, Clinical Research Centre.

Results

OUTPATIENT SURVEY
Eighteen (22.5%) of the patients were macrocy-
tic with a mean cell volume (MCV) above the
upper limit of normal, 92fl. All these patients
were being treated with sulphasalazine (P<0.05).
The mean MCV was higher (P<0-001) in the
treated group, but the mean MCV of both groups
fell within the normal range (Fig. 1).

Twenty-five of 59 (42.4%) patients in the group
treated with sulphasalazine had a raised reticu-
locyte count (normal range <2%) compared
with one of 15 (67%) in the untreated group
(P<0.05). The highest reticulocyte count re-
corded was 4.2%. Reticulocyte count was directly
(P<0001) related to the dose of sulphasalazine
(Table 1). The proportion of patients with absent
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Fig. 1 MCV during treatment and not on treatment
vith sulphasalazine.

haptoglobins or levels of 80 mg/100 ml or less
(normal range 30-200mg/l00ml) did not differ
between the two groups.
MCV was inversely related to serum folate

(P<0-01) and directly related to serum iron
(P<0-01), but not related to reticulocyte count,
red cell folate or serum B12.
Only two (2.5 %) patients had a low serum

folate or red cell folate with megaloblastic anae-
mia or macrocytosis, although eight (10.0%)
other patients had a low red cell folate. Neither
serum nor red cell folate was related to the dose
of sulphasalazine.

Table 1 Reticulocyte count, serum folate and red cell folate in relation to dose of sulphasalazine

Daily dose of Mean reticulocyte Mean serum folate Mean red cell folate
Sulphasalazine (g) count

None (20)* 1-1 ±0 7 (SD) (15) 6 7±3 5 (SD) (20) 247±127 (SD) (19)
2 (15) 1-5±0.8 (SD) (14) 5 9±3.8 (SD) (15) 272±116 (SD) (15)
3 (34) 1-6t±10 (SD) (34) 7-7±4-6 (SD) (34) 415 ±252 (SD) (32)
4 (11) 2 7±0.9 (SD) (11) 3.8±14 (SD) (11) 282±143 (SD) (10)
One way analysis of P<0O001 NS NS
variance between groups
then linear contrast
between means

* Figures in parentheses indicate numbers of patients.
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Five of 19 (26.3 %) patients with a low red cell
folate were in the untreated group compared
with four of 57 (7.0%) in the groups receiving
suiphasalazine (P<0.05). Within the untreated
group, three of the six newly diagnosed patients
(50%) had a low red cell folate compared with
two of 13 (15.4%) of the others (p<0-05).

FOLATE ABSORPTION STUDIES
All 10 patients had impaired folate absorption,
and in all but one patient this was impaired
further by sulphasalazine.
Mean folate absorption in the six newly diag-

nosed patients was 76.7% but fell to 69.4% after
three months' treatment with sulphasalazine.
Me,an difference in individual patients was

7-5% ± 5-2% (SD) (p<0.02).
Mean folate absorption in the four patients

with megaloblastic anaemia or macrocytosis
associated with sulphasalazine was 66.3 %. This
rose to 82.4% after the drug was stopped. Mean
difference in individual patients was 16.1 % ± 6.6%
(SD) (P<001) (Fig. 2).

In one patient folate absorption measured with
the first dose of sulphasalazine was 70% com-
pared with 89% before treatment and 77% after
three months' treatment.

OTHER STUDIES

Table 2 shows the severity of the haematological
abnormalities which developed with sulphasala-
zine in the four folate deficient patients. Patient
1 was treated with folic acid in a pharmaco-
logical dose of 5 mg three times a day while
sulphasalazine was continued. Her haemato-
logical abnormalities resolved completely. The
other three patients did not receive folate supple-
ments, but stopped sulphasalazine. Their haem-
atological abnormalities also resolved completely.

Figure 3 shows serial results from patient 2 to
illustrate the rate of development of haemato-
logical abnormalities with su4phasalazine and the
rate of resolution after the drug is stopped. This
patient's reticulocyte count was 3.2% when his
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Fig. 2 Folate absorbtion in patients before, during,
and after treatment with sulphasalazine. 0 Newly
diagnosed patients with ulcerative colitis. * Previously
diagnosed patients developing folate deficiency in
association with sulphasalazine therapy.

haematological abnormalities were maximal and
fell to the normal range when sulphasalazine
was stopped.
Each of these four patients had other reasons

for folate deficiency in addition to folate mal-
absorption caused by sulphasalazine. All had
raised reticulocyte counts indicative of haemoly-
sis. Patient 1 had a chest infection associated
with lobular collapse and consolidation which

Table 2 Severity of normal haematological abnormalities which developed with sulphasalazine in four
folate deficient patients
Parameter Normal range Patient

1 2 3 4

Hb (g/dl) 12-3-17-0 9-8 12.8 11-5 12.4
MCV (fl) 80-92 114 110 112 94
Reticulocyte count (%) < 2 58 32 2-8 3.0
Haptoglobins (mg/ml) 30-200 240 140 Absent 240
Serum folate (ng/ml) 3-15 1.6 1.6 <1 0 2-2
RCF (ng/ml) 145-450 36 151 154 66
Marrow Megaloblastic Megaloblastic Megaloblastic Normal

Iron deficient
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Patient 2

Sulphasalazine

Megaloblastic Normal

marrow marrow

1 l

Fig 3 Development of
haematological
abnormalities with
sulphasalazine and
resolution after the drug
is stopped.

led to a protracted period of intercurrent ill-
health; patient 2 had a flat jejunal biopsy charac-
teristic of adult coeliac disease; patient 3 had
a low dietary folate intake of 100 gg/day, dietary
iron deficiency and active tuberculosis; and
patient 4 had a borderline dietary folate intake
of 180 gg/day. On her initial jejunal biopsy
patient 1 had a raised intraepithelial lymphocyte
count with subjective and morphometric evidence
of a non-specific mild partial villous atrophy, but
these changes had resolved when the biopsy was
repeated and were not thought to indicate coeliac
disease.
None of the six newly diagnosed patients had

evidence of coeliac disease but three (50%) had
non-specific minor abnormalities on their initial
jejunal biopsies. All three had raised intrae-
pithelial lymphocyte counts and two also had
subjective and morphometric evidence of a mild
partial villous atrophy. Changes in all but one
patient had resolved completely when the biop-
sies were repeated.
Three newly diagnosed patients had a low red

cell foilate, but after three months' treatment
with sulphasalazine in maximum tolerated dose
(2-4 g/day) the level was normal in two of these
patients, despite further impairment in folate
absorption.

Discussion

The incidence of significant folate deficiency in
patients with ulcerative colitis attending the gas-
troenterological clinic at Northwick Park Hospi-
tal is low. Only 2.5% (two of 80) patients had
anaemia associated with a low serum or red cell

folate, althou,gh another eight (10%) had a low
red cell folate.
This incidence of folate deficiency is similar

to the 3.4% calculated from Pounder et al.8 who
found two patients with a low serum folate in
a group of 59 patients with ulcerative colitis not
receiving folate supplements. In contrast, in
studies of patients with inflammatory bowel dis-
ease, Franklin et al.9 found a 63% incidence (49
of 78) of low serum folate in a retrospective
study of patients in hospital, and Elsborg et al.10
a 59% incidence of low serum and red cell folate
in those patients with ulcerative colitis in 216
consecutive outpatients. This latter group was
thought to have a borderline dietary intake
of folate, unlike the group described here, or by
Pounder et al.8

Macrocytosis is an unreliable indicator of
folate deficiency in patients receiving sulphasala-
zine. Minor haemolysis is a well-recognised dose-
related effect of the drug.8 This results in a
higher proportion of younger, larger cells in the
circulation reflected by a rise in MCV and some-
times an increased reticulocyte count. A higher
proportion of our patients receiving sulphasala-
zine had a raised reticulocyte count, compared
with the untreated group. Haptoglobin estima-
tion was less sensitive in detecting these minor
degrees of haemolysis which occurred with sul-
phasalazine. Conversely, coincidental iron defi-
ciency may mask the effect of folate deficiency
on MCV in patients with active disease.

Dietary intake of folate may be impaired by
chronic ill-health; and changes in body stores
of folate are usually reflected more accurately
by changes in red cell folate compared with
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serum folate. The most plausible reason why
50% (three of six) of our newly diagnosed
patients had a low red cell folate compared with
only 15-4% (two of 13) of the other untreated
patients, is reduced dietary intake during a period
of ill-health before diagnosis. Return to normal
of red cell folate during treatment with sulpha-
salazine in two of the three patients was prob-
ably because of increased dietary intake of folate
with remission of the disease, which overcame
the further impairment in absorption caused by
sulphasalazine. The average British diet contains
200-300 ug total folate per day, not much above
the recommended daily intake of 200ljg," so
even a minor impairment of absorption may have
a significant effect during a prolonged period of
dietary deficiency. However, the minor haemo-
lysis caused by sulphasalazine may make red cell
folate an unreliable indicator of body stores of
folate in patients treated with the drug because
the younger red cells which appear in the circu-
lation have a higher folate content compared with
older cells.
Our finding of impaired folate absorption in

patients with ulcerative colitis, which is impaired
further by sulphasalazine, confirms earlier work
of Franklin et al.9 They also used a direct method
of measurement but used folic acid, not a physio-
logical derivative.
Salem et al.12 13 have shown that minor jejunal

abnormalities in ulcerative colitis, first described
by them and confirmed in our study, correlate
with other abnormalities of small intestinal
function and the activity of the colitis. Thus the
impaired folate absorption could result from
these minor jejunal abnormalities.
Our results in one patient indicate that sul-

phasalazine has an acute inhibitory effect on
folate absorption. This is consistent with com-
petitive inhibition of folate enzymes, which has
been proposed as another mechanism of folate
malabsorption caused by sulphasalazine.9 14
Only occasional patients, two of 60 (3.3%) in

our study, plus two identified previously, develop
anaemia or macrocytosis due to folate deficiency
with sulphasalazine. Our four patients all had
several reasons for folate deficiency. All had
folate malabsorption caused by sulphasalazine
and minor haemolysis, combined with coeliac
disease, or dietary deficiency, or other intercur-
rent disease. The anaemia or macrocytosis
resolved when sulphasalazine was stopped. Thus,
in most patients with ulcerative colitis receiving
sulphasalazine, folate malabsorption and in-
creased folate requirements secondary to minor
haemolysis are clinically insignificant, but, when

other reasons for folate deficiency are present,
sulphasalazine may be of crucial importance in
tipping the balance to clinically significant folate
deficiency and megaloblastic anaemia.

Conclusions

Folate deficiency is not a significant clinical
problem in outpatients with ulcerative colitis and
adequate dietary intakes of folate, whether or
not they are treated with sulphasalazine. Newly
diagnosed patients with active disease are more
likely to be folate deficient. This is probably due
to a combination of impaired dietary intake of
folate during a period of chronic ill-health before
diagnosis and minor folate malabsorption. Sul-
phasalazine impairs folate absorption further by
acute inhibition, but in most patients this is over-
come by increased dietary intake of folate as
the disease is treated and general health im-
proves. The small number of patients who
develop folate deficiency with sulphasalazine are
likely to have other reasons for folate deficiency
such as coeliac disease, severe nutritional defi-
ciencies, or haemolysis. When there are other
reasons for folate deficiency, sulphasalazine may
be the critical factor which precipitates folate
deficiency and megaloblastic anaemia.

We are grateful to the Departments of Haemato-
logy and Clinical Chemistry, Northwick Park
Hospital, and members of the Division of Com-
puting and Statistics for their help and co-
operation in carrying out this study.
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